Introduction
Simple goitre has afflicted mankind since the earliest times. It was known to the Chinese about 1500 B.C., to the ancient Greeks and to the Romans. Humbolt, in I824, observed it among the natives of the Andes and Livingstone among those of Central Africa. Two thousand years ago sea salt was known to be beneficial and burnt sea sponge was a remedy in use from the times of the ancient Greeks to the early part of the igth century. Unknown to the users, these substances are rich in iodine.
The distribution of simple goitre is world-wide. It occurs in all races, in all climates and at all inhabitable altitudes. It arises sporadically, occasionally in epidemics and in certain areas it is endemic. While most of the endemic districts are mountainous, there are numerous exceptions. Goitre is rare in Iceland, in the main islands of Japan, amongst the Esquimaux and usually along the sea coast, the reason being that in these districts the diet of the inhabitants consists largely of sea food which is rich in iodine. The a deficiency in the water, soil and foodstuffs grown therein the incidence of goitre is high, whereas, with some exceptions which will be discussed, where there is no such deficiency the incidence is low; (2) the urinary excretion of iodine is diminished in persons living in an endemic district; (3) increasing the intake of iodine in these districts reduces the incidence of goitre; (4) the incidence is low amongst peoples who consume a large amount of sea food, which is rich in iodine; (5) hyperplastic goitre can be produced in animals by means of iodine-poor diets; and (6) the percentage of iodine in hyperplastic goitres is low and varies inversely with the degree of hyperplasia. Greenwald,'0 who is the chief opponent of the iodine deficiency hypothesis, has maintained that the iodine-poor diets used in the production of goitre are themselves goitrogenic irrespective of their lack of iodine. Axelrad, Leblond and Isler,2 however, have conducted experiments on mice in which each constituent of a standard low-iodine diet was removed separately. In no instance did the size of the thyroid gland diminish, except, strangely enough, on removal of sodium chloride, but even in these animals the glands were larger than normal.
Furthermore, an iodine-deficient thyroid gland has a greater avidity for iodine than the normal gland. Stanbury and his colleagues24 demonstrated in Argentina by means of radioactive iodine that the uptake of iodine by the thyroid gland of goitrous persons was greater and faster than in non-goitrous persons whose intake of iodine was normal.
In certain endemic regions an environmenta 1 deficiency of iodine has not been found, for instance, in parts of Finland, North-west Cape Province, Himalayan India and Uruguay. The iodine may be present in such a form in the foodstuffs grown in the district that it is absorbed with difficulty from the alimentary tract, but so far there is no evidence to support this hypothesis. Some goitrogenic factor or factors other than iodine deficiency must be held responsible; such a factor could well overcome the antigoitrogenic action of a normal intake of iodine, especially if the intake is at the borderline level. It will be seen that there are several goitrogenic agents and it has been observed that a different agent operates in different localities.
Pollution.-A high incidence of goitre has been observed in communities living in a state of poverty and unhygienic conditions and has been ascribed repeatedly to contamination of the drinking water. McCarrison's15, 16 pioneer investigations clearly demonstrated that polluted ,drinking water was a potent factor in the production of endemic goitre. Of eight villages in Gilgit, Himalayan India, receiving the same water supply, which, as it passed through successive villages, became increasingly polluted with human and animal excreta, the incidence of goitre was least ( Thyroid hyperplasia may be produced in laboratory animals by a high intake of fat or of meat protein and by vitamin deficiency, but on the whole the experimental work on the goitrogenic effect of vitamin deficiency is contradictory and controversial. In the Chin country of Burma dietary deficiency of vitamin A is notorious and is considered to be the most important single goitrogenic factor, while in parts of Sierra Leone the seasonal scarcity of vitamin A may possibly help to precipitate goitre when the iodine content of the diet is borderline. 14 The discovery of the goitrogenic action of cabbage in rabbits5 aroused world-wide interest and it was later found that a similar effect on the thyroid gland was produced by other members of the genus Brassica, namely, brussels sprouts, cauliflower, kohlrabi, rape, rutabaga (swede), savory and turnip. The seeds of all the Brassicae also possess goitrogenic activity. Greer and Astwood,11 however, using the radioactive iodine uptake by the thyroid gland as an indicator, were unable to demonstrate that cabbage had any antithyroid activity in man, although rutabaga and turnip had. Investigators have endeavoured to determine the active principle in these goitrogenic plants and seeds and suspicion has centred on the mustard oils, organic cyanides, thiocyanate and the thioureas, but so far only one goitrogenic substance has been isolated, vinyl-thio-oxazolidone. Greer, Ettlinger and Astwood'2 obtained this compound from the seeds of rutabaga, turnip, cabbage, kale and rape and also synthesized it. They were unable to detect the substance in the edible portions of any of the Brassicae, except rutabaga and white turnip. In action it is similar to thiouracil and in man it is slightly more active than propylthiouracil. The administration of iodine prevents completely the development of ' cabbage goitre,' but only partially prevents the development of Brassica-seed goitre. (A good review of the relationship of food to the genesis of goitre is that of Fertman and Curtis. 8) In applying these findings to the problem of endemic goitre we find that in certain endemic areas (Ruthenia and parts of Morocco and West China) cabbage or turnip is the staple diet, and in Tasmania and New Zealand a kale goitrogen may be present in the milk.6 It is of interest that the ' milk goitre' in Tasmania was not prevented by the administration of potassium iodide. The incidence of goitre in Holland and Belgium increased during World War II when the diet consisted largely of cabbage, turnip and similar foods.
Antigoitrogenic Substances.-Before discussion of the aetiology of endemic goitre is concluded, reference should be made to the possible existence in foodstuffs of substances other than iodine which may neutralize the effects of an existing goitrogen and a -deficiency of which may play a part in the production of endemic goitre. Marine and his colleagues20 showed that the development of cabbage goitre could be prevented by the feeding of certain fresh plants and that the antigo'trogenic action of these plants was not likely to be due to iodine.
Sporadic Goitre.-As mentioned above, the problem of the aetiology of sporadic goitre differs from that of endemic goitre, for a deficiency of environmental iodine or an excess of calcium or of fluorine cannot be held responsible. That its development is commonest at the sex periods of a woman's life suggests an endogenous disturbance in some way connected with an interrelationship between the thyroid gland and the ovaries, but the nature of this relationship is uncertaini as the results of the experimental work are contradictory. This endogenous factor 'may operate to some extent in endemic goitre, for in many endemic regions not all the inhabiaants have visible or palpable thyroid enlargement.
A few cases of sporadic goitre may be caused by an unbalanced diet as in two patients of Dr. J. H. Means who developed goitres when their diet consisted of large amounts of cabbage; the glands became smaller when the cabbage was omitted and larger when it was resumed. A further cause may be excessive loss' of iodine in the urine. Cassano and his colleagues4 described eight women with large non-toxic goitres in whom thyroid function appeared to be normal, in whom there was no evidence of deficient intake of iodine or of the consumption of any goitrogenic substance and whose renal radioactive iodine clearance was increased, showing that the kidneys were removing iodide from the blood in excessive amounts. The authors suggested that this increased urinary excretion of iodide might have been the cause of the goitres.
The exceptions to the dictum that the essential cause of simple goitre is failure of the gland to obtain enough iodine are (i) those cases of sporadic goitrous cretinism in which the goitre is due to lack of one of the enzymes concerned in the synthesis of thyroxine, and (2) goitre produced by antithyroid substances such as thiouracil and vinyl-thio-oxazolidone which inhibit the synthesis of thyroxine by blocking iodination of tyrosine. Summary.
We now have available in 1311 an agent which is almost universally available, which is .free of proven risk, which can be effective in all cases .of thyrotoxicosis, and which can achieve results in many patients which would not be feasible with any other form of treatment. Its role in the treatment of thyroid cancer is very limited, but it may become the dominant therapeutic aid for the control of one of the commonest endocrine disorders, thyrotoxicosis.
